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BACKGROUND " 

Tha proeent invantion relAtec to nucleic acid hybridization 
aseaye which are useful as a meano of locating specific nucleic 
acid sequences. Examples of nucleic «icid secfuences are 
5 deoxyribonucleic acid (DNA) and riionuGleic acid (RNA) setjuences. 
The molecular oubimits or bach DNA and RNA axe called nucleotides 
which are linked together to form long polynucleotide chains. 
Each nucleocide subunit is nukde of a sugar moiety, a phoBphats 
inoiett.- and a base moioty. It is the sequential ordering of the 

10 base tnoietlss [adenine (A) , cytosine (C) , guanine (G) , thymine 
(T) , uracil (U> ] that containo DNA or RHA'a genetic information. 
The ordering of these base moieties in a polynucleotide chain and 
the tendency of the bases to attract and bond with other specific 
base moieties, is exploited by this invention to locate, detect 

x5 and isolate specific DNA or RNA seguencee. 

DMA normally concaine two polynucleotide ctrandc twictad 
about one another lengthwise In a helical manner resembling a 
ladder where the sides are made of identical sugar (deoxyribose) 
and phosphate molecules while the rungs are made up of bases 
20 extending out from each strand, held together by weak attractive 
forces . In DiWi, the base thymine on one strand always pairs wlcn 
the base adenine on the opposing strand, and th* base guanine 
always pairs with the base cytosine. This ie called 
complementary base pairing. 

25 RNA ia aleo a polynucleotide strand. However, the eugar 

moiety is ribose (versus deoxi'ribose in DHA) and the bases are 
adenine, guanine, cytosine and uracil. In RH&, the base uracil 
on one strand always pairs with the base adenine on the opposing 
strand, and the base guanine always pairs with the base cytosine. 

30 Although RNA can pair with either a complementary strand of RNA 
or DNA, it Is normally single stranded so does not torro a helical 
Bcructure, 



p The present invention Ib founded, in part, upon the 
technique that single stranded nucleic acid sequences can bes 
combined, 6r hybridised, under appropriate condicionB with 
complementary single stranded nucleic acid seqruencee to form 
5 double stranded molecules. This technique was developed as a 
means for dececting and/or and icolating particular nucleic acid 
sequences of interest . Zt has incroaeed in popularity during 
recent years in its application for detecting the presence of the 
DNA or ElilA Within such pathogens aa viruses, bacteria, or other 
10 microorgaoieme and therefore the presence of these pathogens 
themaelvea. The technique can also be used for other purposes 
such as to screen bacteria for antibiotic resistanca, to aid In 
the diagnosis of genetic disorders (for «xanqple in sickle cell 
anaemia and chalassaemla) , and to detect cancerous cells, 
15 Several applications have been davolpped for the microbiological 
analysis of clinical, food, environinental, and forensic sannples. 
A general review of the technicpAe and its present and future 
significance is provided in Biotechnology (August 1983) , pp. 471- 
478 which is incorporated herein by reference. 

20 The following definitions are provided to facilitate an 

understanding of the present invention. The term »probe' refers 
to a nucleic acid sequence of which there are at least three 
types: the primary probe, the an^lif icotion probe, and the 
labelling probe . The priaaair)' probe contains at least one nucleic 

25 acid sequence that is contpleinentary (or will base pair) to some 
portion of a nucleic acid eeqfuence on the target DMk or cwa. 
molecule of interest. The attqplificaclon probe contains sequences , 
that are cornpl^entary to some sequences on the primary probe, 'v 
and contains a region that is typically of at least one type of 

30 repeating sequence unit. The ladselling probe contains sequences 
complemeatary to one of the repeating sequence units, in addition 
to a chemical label. Labels are detectable chemical groups, 
either radioactive molecules or non- radioactive tnoleculoB and can 
include: radioactive Isctopes; enzymatically active groups such 

35 as horse radish peroxidase; fluorescent agents; chemi luminescent 
agents/ precipitating agents; and/or dyes. The term 'signal' is 
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used loosely to indicate the decectabie characteuiatic of a 
detectable chemical group, which can include; a change in the 
light adsorption characteriscics of a reaction solution resulting 
from euzyraatic action of an enzyme attached to a labelling probe 
5 acting on a substrate; the color or change in color of a dye; 
fluorescence; phoaphore scenes; radioactivity; or any other 
indicia that will be evident to one skilled in th© art. 

The atnpli£ication probe is so named because it is used to 
cause many detectable chemical labole to become attached to one 

10 . probe- target conqplex, such that the resulting signal is atnpliCied 
in direct proportion to the number of labelled probes that 
hybridize to the areplif ioaticn probe. If the anqpllf Ication probe 
were to contain only one sequence unit that con^jrlces sequencec 
compatible to the labelling probe, only one la^^iiing probe would 

15 become attached to the prcbe-target complex, and the signal would 
not be anplified. However, the an^liCication probe disclosed in 
the present invention contains typically five or more sequence 
units (also referred to as repeatmere) that are coinbatable to the 
labelling probe, such that five labelling probes will attach to 

20 one probe-target cotr^dex, resulting in five times the amount of 
detectable cbemioal label signalling the presence of one probe- 
target coB^lexi thus, the indication that one probe- target 
cowplex was formed will be aTri>lifled five times. Moreover, if 
the amplification probe contains sixteen sequence units that ore 

25 oonbatable to the Labelling probe, sixteen labelling probes will 
attach to one probe- target complex, resulting in sixteen cltnes 
the amount of detectable chemical label signalling the presence 
Of one probe-target complex; the indication that one probe-target 
coaiplex was formed will thereby be airplified sixteen times. The 

30 degree of an^lif ication is optional and can be manipulated by the 
design and construction of the amplirication profc>« as described 
herein . 

One objective of a nucleic acid hybridissation assay is to 
detect the presence of a specific nucleic acid sequence (Che 
35 target seQUence) in a given sample by contacting the sairple with 
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a complementary nucleic acid sequence (.he prob«) und«r 
nybrldising conditione *nd obc^rvxng tn« fomation or absence ot 
any probe-taTrget- complexee. The probe-target coTnplex can ba 
deLctad directly by a label attached to the probe. Tbe cc^lex 
5 can also be detected iad.rectly through euch tochnxquas as tixe 
hybridization of another nucleic acid sequence conjugated to a 
label or by the binding of an antibody labelled with a dat^ctabl^ 

cHemical group. . 

one detection strategy currently enipioyed xn the art 

10 exemplified by PCT Application 84/03520 and BPk 124221 which u«« 
.n enzyme labelled nucleic acid ..quonee to detect the probe- 
.arget conpleK by hybridisation to co«5>l«nQntary s^guances on the 
tail of th« probe. For example, the Bnzo Biochem -Bxo-Brxdge 
system uses a biotin molecule conjugated to a poly (A) taxi (a 

15 nucleic acid s<,quanca comprised Bolely of adenine nucLotidas) 
as the detection syatom following hybridization of a CHA proba 
po«ae.3ing a poly(T) tail (a nuclaic acid sequence cotnprised 
solely of thymine nucleotides) to the target dna sequence. 

in order to etqploy »uch a technique as an aseay, one inuBt 
^,0 be able CO detect the presence or abeenca of probe-target 
compi^a. with a high degree of sensitivity. The sensitivity of 
a nucleic acid hybridization assay is determined primarxly by the 
detection litnit of the label to de^nstrate the formation of the 
probe-target co«^lex against bacJc-ground noise and/or false- 
25 positives. Different atrategiea have bean etnployed to xtaprove 
the sensitivity of nucleic acid hybridization assays, whxch can 
be Classified into four broad categoriac: 1) fiaparatlon of the 
Proba-targat complex; 2) target etnplif i«»t^io-' 3) probe 
amplification, 4) multiple labelling, or cond^iuatione thereof - 

30 some nucleic acid hybridization aenaye inyoi^ 

ir«mobili«ation of tho target sequence on a solid aupport follow,^ 
by washing away tho reToaiador of the reaction u^ixture. Thxe 
first category involves techniquaa that attetnpt to either 
it^tu^bilize the target sequence before adding a label P^^be ^^^^ 

3S an itt««.bill2ed labelled probe to capture th« target nucleotxde 



.eauenc- *itcm«lv,iv, t«<:lu.lques tave been developed thac 
i^Uize probs-target complex att.r Ics £on«t.cn. Por 

^ai a.i=n aasay in ..i=h th« pxobe.»rg« cc^"x la re»ovea 
3 solution ^ «yBxieUa.ion >.ith a ccmple».ntary soUd- 

=uLr«d captux. proba. The solid phasa cc»plax is «sn 

detaraa by subaeqaeat hybrldl.acic, to a la^eUaa pro.a 
Ued"'" '-•^"''^ - i^aobiU^ tUe P-^""^^^ 

-OTOl»« « thia ataje u.lng a nuclalc acid aa<iu«.« f^™ 
.0 acc that prctaina and otha. »atarial= in tha h=terog««^S 

i^biUza.i» or tha ^claic acid.. ^rtb.r^ra, Che 
eon.i<:xvity ia lo« as tt= IKal t= tarsal ratxo « 1.1. 

A aacood cawgory of strategies invoXvaa increasiig tba 
15 aanaitivity of a nucleic acid nybrldization aaaay though targ« 

" ^^^lificatL. " axa^l. o. tar,.. a^pUtication eataila 
a^aying for ribo.onal (rBH*) a adoroorganlsn. --^^'J''^^, 

timea hlghar ooncentratioE than DNA, tha nuteer or posalfila 
20 pr"e-ta^at ccaelexea iaoraaac thereby incr.aa.ng the 
probabiUty of dataoting tha target oxganiaa. ^^^^^^^^l'^^ 
poly»ara« chain raaetion (ECK-) deacribcd in taltad Stat-a 
Lte^t, 4,683,105 a»d 4.683,202 haB bean used to a«plily t«get 
^"e : a;id ;a;nencaa. The advantages ^ -^"^ °' 
25 technique ha. been raviawad by Gyllanatan ,Biotechnitr.a= 7, 700 
70S, Jos, incorporated herein by r-far«>ce, . .or ^^'■ '^f 
.ranaorlption-baaed amplification ay.tam can prc^=a a 2-5 
million-fold anplieication of a RKA target after 4 cycles 
Tul^rfi « al., Bloceohnology 6, 1197-1202, 198S) . Ho..v,r. 

,0 h a tch^iqu. aur«ra from such problems a= excaaaiva noia^ 

."lae poait^aa. r.^ira= considerable technical ^.rt«. ^ 
relatively expansive inatrumanta and reagents (Walcott 
Food Protein 54:387-401, 1991). 

A third category of atratag.aa £.r incraaaing the 
IS aanaitlvlty of a nucleic acid hybridisation assay entails prObe 



amplification, by amploying a contoination of primary probas . 
Bxatnplcs of tHiB ««rhod are diSClOBcd in Unit«d States patents 
4 731 325- smd 4,868,105 wh«r«ia tschnigues describe the use of 
tn^re 'than one probe chat binds to tne target nucleic acid 
sequence. A further example is found in U.S. Patent 4.868.105, 
where the labelled secondary probee hybridizes to the multiple 
primary probes bound to the target nucleic acid sequence. 

Finally, some have atceinpted to cn5>ioy twuitiple probes in 
a cascading or eandwtch fashion as a strategy for aToplifyi^g the 
signal . These methods fall under the fourth category of signal 
amplification because they result in the attachment of nmltiple 
labelling groups to the primary probe-target coniplex. It is 
within this category that the present invention could be said to 
reside. 

An early attempt to develop strategies within this fourth 
category is exemplified by pct Application wo 90/13667 which 
describee an an^lified solution-phase sandwich nucleic acxd 
hybridisation assay for the hepacitiss B virus nucleic acid 
se<iuence in which the analyte ie hybridized in solution with setS 
of an^lifier probe polynucleotides and capture probe 
poli-nucieotides each have a first aeg^^ent that ie compieiaantary 
to the target nucleic acid; furthermore, the aoiplifier probe has 
a second segtnont that is complementary to a unit of a 
polynucleotide multimar whereas the capture probe has a second 
segment that is con5)litaentary to a polynucleotide bound to a 
solid phase . The resulting product is reacted with the 
polynucleotide bound to a solid phase and tnen with the multitner. 
The micimer probe is a chemically cross-linked single stranded 
oligodeoxyribonucleotide star- structured complex with aims 
possessing sequences complementary to the primary probe. 
Detection occurs when the bound materials are reacted «ith a 
labelled probe compxementary to the polynucleotide unite of the 
multimer. 



in spite of cho U«u.t«d use of this Strategy for detecting 
hepatitis B virua. the difficulties one would face devising ths 
ass^y reege*nt8 -are manifold, especially for general u»e. 
constructing the chemicel cro««;-linicing m the secondary probe 
5 involves high levels of technical expertise « well as careful 
chemical tnodif ication of these polynucleotides in order to bring 
about the desired croae- linking. Oyerloading tha «^^^-lilce 
atructur«B of the «condary prob« c*n lead to atorxc hindrance 
bntwe-n the Btar-liko structures as well as between the anoborxng 
xo arn.= attached to th« «olid ph«o- Furthermore, two sets of 
primary probes, both requiring the sequences coinpleraentary to the 
target nucleic acid, detnand synthesi* of probes designated to 
only one given target which ia t.he ca.e for a conceneus l^eP^titi^ 
B viru« doulDle-stranded region sequence based on a nuatxplxcxty 
X5 Of hepatitis B viral subtypes, with these methods the cost of 
preparing probe reagents beco««5 significantly alavated 
evcntuallv reflecting in the overall coat of the assay or the 
diagnoati'c kit. In short, this strategy is technically complex 
and the probe reagents are not applicable to a large variety of 
20 targets. Therefore, there reittaiua a general need for a axtt^ler 
system of signal ampiif ic»tion. 

xn yet a further method, Canadian Patent Application 
2 039,517 provides a method for amplifying a signal wherein the 
amplification is obtained through use of a bridging nucleic acxd 

25 sequence which can hybridi« to tne primary probe and to a 
developer nucleic acid ,^anco. This method entails hybrxdx^xng 
the primary probe t.o the target cequonce. followed by e^osure 
to the bridging sequence, followed by exposure ^ f 
developer molecule, and finally followed by » second developer 

30 «olecui« to form a developer chain. One of the developer 
„«,l«culos: is labelled, and the labelling can be detected xn the 
developer chain, ^igain. the major limitation of this strategy 
is its complexity and there still remains a need for a "mple 
system that allows for an incraaae in sensitivity. 



A further method for this category is found in United Staces 
P»tenc 4.716,106 where the primary prob« s.quence 1b first cloned 
in the fiiatnlncous phage M13 PKA. Th« ciagi. stranded form of 
nha M13 DN)^ carrying the target -coupletnentary seq^aence 
isolated and then used as a prit^ry probe, Th. 0^ strand 
cc^lctnenta^ to th^t carrying the probe ie al«o a«parat.ly 
isolated, l^elled at multiple Sites along ita length and than 
used a3 the detector probe. Even though this asaay involves the 
uBa of tttultiple labelling, this strategy neceesarxly xnvolvea 
Cloning of the probe eequences in tha M13 phage. Q.ven the 
p««nt molecular biology luethodology. cloning of M13 xs a 
difficult and cumbersome prooeHS, even for Bomaone ekillad m the 
art Th« cloning must be performed every time anew in order to 
prepare the probe reagents directed to^ardo a given targat 
nucleic acid aaquence. Thic increases the time, effort, and cost 
Involved. Therefore, there remalna a need for a simpe and 
sensitive «ae«y «yatem for detection of specific nucleiC acid 
sequences . 

Due to tne comple:city and involvement of eacn of the 
-.trategiee dascrihed above, these techniques are used to a 
limited extent by laboratories. Therefore, a need continues to 
exist for a sin^lified. rapid, and adaptable hybridisation as«ay 
whereir a primaxy probe hybriaizes to a terget and to an 
amplifier polynucleotide strand that allocs for attachment of 
multiple copies of a labelling molecule - 

The present inveati:>n serves to overeott* the limitations of 
the assays currently available in the art. Thoe« ordinarxly 
skilled in the art will appreciate that a preferred embodxrmant 
of the present invention provides a method for amplxCymg a 
signal during the detection ot target nucleic acid aequ-nces 



cottprising 
a) 



hybridizing a polynucleotide probe (the primary probe) 
to the target nucleic acid, sequence -rfherein the 
primary probe has a means fox biwiing to a 



c) 
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arc^^lification nucleic acid sequence (ctie an,plif ication 
probe), the ainplifyins molecule being capable of 
iiyiSridi^irxg to at least one Ubelling nuclaid acid 
sequence. conjugacea to a chemical label (the 
labelling probe"' i 

itnmobilixing th* prob«-targefc complex; 

opposing Che inniobili^ea j>rob*-t»rget eon4>lex to an 
an^lif ic^tion prcbe (a polynucleotide sequence 
containing a region ot inultiple repeating eequence 
units and » region of seqpienccs compleineatary to 
aequencea in a region oC the primary probe) imder 
conditions that allow the antplif ication probe to 
hybridize to the probe-target complex; 

oacpoelng the hybridired aniplif ication probe to a 
labelling probe (a nucleic acid sequence conjugated to 
a chemical lat«l and containing a region of sequences 
complementary to a repeating sequence unit on the 
ati^jlification probo) under conditions that allow n»ny 
labelling probee to hybridize to the amplification 
probe; 

detecting the labelling probee in the resulting 
cotnplex 

There are many advantages, over the prior art attained by 
chis invention. First and foremost, the present invention 
greatly facilitates label detection in nucleic acid hybridisation 
assays by providing a plurality of repeating unita in the 
amplification probe whereby it may receive up to Sixteen 
^oieculec (or more) of a selected labelling probe for every 
probe- target con^)lex. This results in significantly increased 
sensitivity, and enhanced utility of hybridisation assays. 



d) 



e> 
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A furcher advantage residsB in the design of the prob* u=.d 
in the ca^s^d, Of r^ctiona. These probe, could be ea.Uv anH 
™ic.lly .^the.i„a ,i.h the curren.1, .^.^^.Z^X 
.n«™™„t.. The r«e =f h,.b.iai,atlon reaction !, ^t, 

alT'^T" "^'-^ stranded proL" 

thr/r. r "'""'^ °' .e«-ann«un5 of the p„hes ZTnl 
the hybridization reaction. since th- i^y^- 4 «uxing 
linked t-n ^^-^ <lireetiy 

linked to the primary probe, th* hybridi^tion properties of 
priory probe are not altered, which contributes to tho l^u,' 

d.toctxon a««ys. Therefore, the preparation of such re^!!!^" 



15 



20 



25 



30 



primal nrl " ^^^^ the 

synthesized with a pcly(A) 
sequence, the other componentn used in th« «.ay .n.JTZ 

:.vroally x„ any nucleic acid hybridization aeeay. This 
tranclatee anto a large economy of efforts, eoate «nd 

dL, , -^-'Ibiilty for 

^/JTIT"^ "'"^^ ^""^ ""^ o-^y 

specific portion of eh. prinury probe. 

ZTAlltT^ T^'''' '"''"^ background nols., greater 

probe """"'^ "'""^ hybrldi^tio. aa„„, .ne prln,ar,. 

TeCV " along it. entire 

length. When required to expedite the hybrldUation reaction 
using polynuoiootid»s, ouch e^f.^-i™ . reaction 

„.„^^ , ^ sxteneive modification or the proba 

might lead to a rodueo/l - ■ , 

tamer mol..,,,. r° hybridization with the 

target nolecule and therefore the probe- target coe,ple.ea ™lght 



20 



25 



30 



35 



not Be farmea j-»piaiy or g-ahi 

th.« traditional .„ay, ,^"•,7 "« "-i^i^ probes or 

= p,, pr<*=.t„r,., c=»l„ rt ^="<="0n of on. 

" ""^ "arte n^lecul., p,r :2 JL"^' ^^"^ 
=en=itivicy ot cile assay Lid ^JJf*"""^" '=°"fl»«- 

In a preferred embodiment ot the nr.= . • 
" P-<>vld.d Sor ^lUyi^ a si™, T ' °»tbod 

"rset nuclei, acla "^"^ *te"id. of 

polynucleotide prob. ,th. prl ' * 'T °' '>^'=-i^^i«S ! 
-id sequence wberein the ^Z^p^' ^'^^ -clelc 
" a an^urloatiox. «,oleir "^^ ' "^"^ binding 
P'<*«>. '"'^VUfyingn^i.L, ^."^"" ««>PUficatlon 
•t 1«« one lab,lui nuclelo /e^'"^ " ^V^-.l.,n, 

osemioal label fthe labell J , <==>nju3.ted to „ 

" probe poi^ el 'l""'*-'^^' co^le^to 

«sri=a ol ™,itlpla repaat^ „ ^".talninj a 

Pn>be) under oonditious tha^ tlT^ °^ 
■^l^-idl.. to ^ probe-^a^.; o^ '"^ ^»«c,tion prcte 
^'*!"^""°»P«.be to a 1X1X^1 T^'"' "'^ ^^''"'^i-W 
-u^ugated to a o»„acal ' abeT ^ aold ae^e„„ 

aaipliflcation probe) „„„„ . '^""^ ««qu.nce 

unit on t-h.. 

l.^«ln, probes m tn. resuiS^ oIIpC "^"'^'"^ '■^^ 

in another embodiment cciio ^ 
* buffer eolution '^T^^ ^ ^^"^^^ ^^^^ «ith 

is coxinactaa wxth the denatured 
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nucleic acids in solution phase. Any probe-target complexes formed are removed from other material 
by immunocapture of the complexes. This is achieved by transferring the hybridization reaction 
mixture to microliter plate wells that have been previously coated with monoclonal anti-probe-target 
complex. After washing, the immobilized probe-target complex is detected by contacting it with the 
amplificationprobe,thenthelabellingprobe.Thepresenceofanenzymeattachedtotheimmobilized 

probe-target complex is determined by contacting the enzyme with its substrate and measuring the 
resulting reaction. Such an embodiment can involve the detection of Listeria monocytogenes in 
cheese, the detection of Escherichia coli in meat, or the detection of Salmonella typhi in human 
blood. 

FIGURES 

Certain embodiments of the invention may be seen from the Figures. 
Figure 1 is a schematic representation of the construction of the plasmid preparation for 
reproducing the amplification probe. 

Figure 2 depicts an embodiment wherein multiple probes are used in a sequential fashion in 
an assay for detecting a target nucleic acid sequence. In step I. the cellular material is lysed, the 
nucleic acids are denatured and a specific synthetic DNA probe is added. Step II comprises 
hybridizing the specific DNA probe to the target nucleic acid within the sample to generate 
heteroduplex nucleic acid (HNA) complexes. The HNA complexes are immuaocaptured by 
antibodies attached to a solid support such as a microtiter plate as depicted in Step III. Steps IV and 
V depict the series of steps involved in detecting the immunocaptured HNA complexes. In step IV, 
riboKAPROBE is added and allowed to incubate for 30 minutes to enable hybridization with the 3 
tail of the probe. Step V depicts: i) additionofKAR-25AP followed by a 30 minute incubation step; 
and ii) addition of substrate and subsequent incubation for 5 to 30 minutes. The developed color was 
then detected by conventional means. 

DETAILED DESCRIPTION OF THE INVENTION 
This invention comprises the preparation of a number of nucleic acids sequence probes. This 
invention also comprises a method of simplifying and significantly amplifying the signal generated 
in a nucleic acid hybridization assay. The simplification and amplification is primarily achieved by 
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using an aa^lif ication probe comprising multiple rapoating 
sequence units amd labelling probes th&t arc complamentary 
the rapejituag aisquence units. 



Thft Target: Wuelttir Acid S^.^nr^c 

The targec nucleic acid Bequeacee that can be detacted ii 
accoirdarice with cne precent invention may be any nucleic acid 
sequence. Tner© ic no waxiraum limit to the length of the 
target nucleic acid seijuence. though the minimum ghould be at 
least sixteen nucleotide bases in length. 

The Priiftftrv fr-oHp. 
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The pritnary probe, which is single stremded nucloic acid 
sequence, has two distinct regions. At the 5' end, the 
15 sequence is con^lomantazy to a sequence found in the target, 
ana suen ««quonce ie of sufficient leatigth, ranging from at 
least 6 aucleouides up to a maximum ot any length desired, in 
a preferred embodiment the length rangea £rom 16 to 25 
nucleotidea. The 3' ena of this primary probe comprises a 
hcmopolyracric nucleocide tail (for example, a poly(dA)]. This 
poly(dA) Bcg-aencft ranges in length, but must be sufficient to 
hybridize vrith the an5>lif ication probe. In a praferrod 
embodiment the length ranges from 12 to 20 nuclaotid«c. 

Whan tha target is DMA, the proba is prefarsJjly prepared 
in the form of RNA, Khen the target is RNA, the probe is 
preferably prepared in the form of DNR. When hybridization of 
the probe to the target results in an RNA-DNA hybrid, thie ic 
knovna as a heteroduplax. in a preferred embodiment, the 
homopolymeric region of the primary probe remains dna in 
nature, though in the general embodiment, any type of nucloic 
acid sequence can be utilized in this region. 
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Techniques for ayntheoising a single -stranded 
polynucleotide sequence for the primary probe, which is 
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complftcnantary to the target eequencc, are well Known In the 

art and will not be described here, 
s 

The Antiteoav ReagRnr. 

Immobilization of tbe probe -cargat complex io achieved by 
usingf an antibody, attached to a aurfsce, that binds to 
doubla -stranded nucleic acid. By separating the probe- target 
coii5)lex £rom the rest of the satsple mixture, this procedure 
results in in^roved eenaitivity of the detection of the 
target . 

These particular antibodies are well known in the 
literature (Fliss ec ai., Appl. Environ. Microbiol. 59:2608- 
2705, 1993; Coultee ot al . , Anal. Biochem. 181:96-105, X989; 
us patent 5, 200, 313, all incorporated herein by reference) as 
ia the procedure for the coating of the antibody molecules to 
a surface. Whole antibodies, antibody fragments, 
polyfunctional antibody aggregates, or in general any 
cubetance coayprisiag one or mora specific binding sites from 
an antibody for the probe-target c605>ie3C can be utilized as 
described herein. Unless otherwise noted, it should be 
understood that, Che term a&tibo<iy when used in both the 
disclosure and the claims tncana whole antibodies and their 
polyfunctional and/or fragmented forms as well. Whan the term 
refers to a whole antibody, it may belong to any of tha 
Classes and subclasses of known immunoglogulinc (igC, igM, 
otc . ) . It is also possible that a fragment of any such 
antibody which retains specific binding affinity for the 
hybridized probe can also be used, such as, the fragments of 
IgF which are often referred to as Fab, F<ab'), and F(ab),. 
Furthermore, aggregates, polymers, derivatives, and conjugates 
oC immunoglobulins and/or their fragments can also be utilized 
where appropriate. 

The antibody reagent's immunoglobulin source can be 
procurred from eaiy available techniques such as conventional 
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antieerum and moaoclonal techniques. Antiserum can tie 
procurred through well -known techni<iues involving the 
iiranunizatioli of an animal, (suc& as mouse, rabbit, guinea pig 
OS goat) with the appropriate Immunogan. Furthermore, the 
inanunoglobulins can be obtained by somatic cell hybridization 
techniaues. which would roeult in the formation of monoclonal 
antibodies. 

The preparation of itttounogens for stiinulaclng antibodies 
specific for hateropolytneric iic. DMft-RTfR or gHatdDia) probe- 
target cocnplexes can be achieved through a variety of 
techniquea. for example, one can employ transcription of 
^Xi74 viron DMA with RKA poiymerace (Nakaaato, (1980) Biochem. 
19:2835, incorporated herein by reference). The resulting 
probe -target complexas can be adsorbed to a nusthylated 
protein, or tbey can be linked to a conventional immunologenic 
carrier material such as bovine serum albumin, before being 
injected into the desired hoot animal (Stollar, (1980) Meth, 
Enzymol. 70:70, incorporated bereln by reference) . 

The moat inijorcanc property of any antibody raised 
against such targec-probe doubla stranded con^jlexes is that 
the antibody will significantly diacrintinate in its binding 
properties between the duplexed form of the target-probe 
complex and single stranded nucleic acid sequences . 
Antibodies do not need to recognize specific sequences. 
Rather, they recognize the general double -stranded 
characteristic of the probe- target con^lex. This io a 
critical feature of this invention that aignificantiy reduces 
background noise and raise positives that could result from 
hybridizaclon of labcllir.g probe to non- target single stranded 
nucleic acid sequeneaa in the aample. 

It is preferred to use a solid support to which the 
antibody is attached or fixed. Actachnvent of the antibody can 
be achieved through either covalenc or noncovalant bonds. The 
latter includes adsorption cechniguac that provi.de for a 



suitabiy stable and strong accactmient . The solid support can 
take on a variety of shapes and con^ositione . These iaclude 
beads, niicroparticles, porouc and impermeable strips and 
metnbranes, as well as the interior surface of reaction vessels 
Buch as test cxibes and ricrotiter plates, etc. The techniques 
for attaclilng a desired reaction partner CO a selected solid 
support are well toown to one skilled In the art. 



Itia amplification prob© is the principal feature of thio 
imnention and serves to cause a plurality of det«ctabl6 
chemical labels to become attached to each amplification 
probe; in this way, the signal indicating the formation of one 
probe- target complex is anpliCled in direct proportion to the 
number of labelling probes that hybridize to the repeating 
sequence vinits. 

The angjlification probe ie a single stranded nucleic acid 
Sequence conaisting of at least two regions. The first region 
contains a snort nucleotide sequence contpletnantary to a 
portion of the primary probe that permits the amplification 
probe to hybridize with the primary probe that ia part of the 
irorounocaptured probe- target con^lex. In one ewbodiment, this 
f'-.rst region is located on the 3' end and ie conprised of a 
homopolymeric tail [e.gr., poly(dU)] of approximately 12 to 20 
nucleotides, but this can bo extended up to any length 
desired. 

The second region contains multiple repeating ae<juence 
unicB, that form the basis by whlcn the detection indicia will 
be axrapiified when a labelling probe {containing sequenceB chat 
are complementary to a region within one sequence unit) is 
hybridized to each of these rapeating units. The number oc 
repeating units can vary from 2 to as many as can be 



10 



15 



20 



25 



30 



35 



accoraaradated wi-hin a particular application of this 
invention, Tiie greater the degree of amplification required 
for a givefl tcet system or the Icaa eenaitivB the detection 
means to employad, the larger the niintber of r«pe«ting unite 
required. in one embodiment, the number of repeating unite is 
about sixteen. 

The length of each unit can vary, dependant upon the 
requirements of a particular application of this invention. 
The minimum length of a ropoating unit is atbout i6 
nucleotides, though the best length is about 70-100 
nucieociflfts, One critical factor to consider when designing 
tha length of •♦ch repeating unit is Che staric hinderanco 
cauaad by the size of the detectable chamieai label attached 
to the labelling probe. For exampla. a relatively large 
enzyme would require a greater degree of spacing than a small 
dye molecule or radioifictopc. Moreover, the labelling probe 
should hybridize to only a portion of a repeating unit; the 
remaining nucleotides within the unit that are not 
cott^,ienientary to the sequences of the labelling probe function 
as spacers to position the detectable chemical labels apart 
from one another. Furthermore, ic wixi b* undaratood that the 
eubunite in the tandem repeating nucleic aeid fragment orient 
in the same 5'-3' direction, m the oxample chosen in Figure 
1, each repeating sequence unit is €9 nucleotides long. 

The repeating seguenoe units can be identical, or there 
can be more than one different sequence unit. For example, it 
may oe desirable to attach more than one type of detectable 
Chemical label to the an?,lif icacion probe, whereby a 
correeponding nuirdier of differently sequenced label] ing protoeo 
will be required. in this situation one would construct the 
repeating sequence units with nvorc than one type of sequence 
each sequence being complementary to the sequence a type of ' 
labelling probe. For example, if it would be desirable for 
three types of labelling probes ic.ff,, probe X. probe y and 
probe Z) to attach to the amplification strand, the 
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eompie««.nt.ry repe^xnj »eg^.ence units (unit unit y and 
unxt z) on the amplification probe could b« constructed in a 
^yzxy.=qrw. fashion. Th, nucl^xc acid sequences that ar« 
30xn«d to fom th« r«,p«ating ««quence r^ioa couid each be 
ccnstxuccea in a xy. fashion, such that when they arHoiL 

u«^ 7T * "''^ ^ unique pl„™ia t^at can be 

used to produce nuiltiple copies of tha an^lif iction probe 11 
prepared by wall kna.n tecnnlquea and cnTexample is 
xllustrated in Figure i. -nu, om fragm.nt coding for the 
7lllZltZJ^°''^ appropriate pla.«id. .uch 

^iLi 't- ' preparation of th. 

ZLn oTtT ''"'^ '"^''"^ '''^^'''^ °' coo^I^^n,,^ ^ 
copxoa of the repaacing units and the ho«opolym.ric tail. 

■Thg PNA vector ^p^ Cr^^mnj 

The •^orinu.ntal mathoda uoed to construct the DNA 
vectors used to reproduca the amplification probe are 
generally described in various manuals of molecular biology 
and ara^.own to one .ho ia a^led in the art (Sa^brooJcHt 

tZ. I u '''''' ^^^^^"'^ 2-<i •<iitxon. Cold 

eprxng Harbor. N.Y., 1983. incorporated herein by reference). 

(Stra^Lan! TT^V '''' ^'"^"-^ PBIuescript II SK. 

(Stracaganc, La Jolla. California) waa linearized with the 
re.trxction on.ymo Ban, Hi. following oligonucieotida 

.ragm^ntc war. then self -annealed and ligated to the 
linearized vector plasmid: 

Ban HI 

^' ^^T^S AM AAA AAA AAA AAA G 3- 

3. G rrr TTT ttt ttt ttt ttt cctag s- 

Bam Kl 
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The annealed recombinant plasmic vector (pBat), obtained in the above ligation reaction, was 
introduced into E. coU (Epicurian E.coli XL-1; Stratagene, Inc.) using a bacterial transformation 
procedure recommended by Stratagene. Positive transformants were selected as white colonies and 
were further verified by colony hybridization in which denatured DNA of the colonies were 
hybridized with biotinylated poly A probe, followed by reaction with streptavidin-alkaline 
phosphatase and then with a chemiluminescent substrate. All the white colonies were positive to 
the poly A hybridization. 

The plasmid pBat was then linearized with the restriction enzyme Pst 1 and ligated to the 
concatemerized repeatmers (containing 1 site at one end mAAse 1 site at the other end). At the 
completion of the ligation, the DNA ends were blunted with a Klenow polymerase reaction and the 
blut ends were further ligated to obtain the circular plasmid pBRpt Again, the annealed DNA was 
then introduced into J?, coli (Epicurian E.coli XL-1 ; Stratagene, Inc.) using a bacterial transformation 
procedure recommended by Stratagene. Transformation ofE. coli with pBRpt DNA and screening 
the transformants for the presence of -1500 bp insert yielded two clones: BRptl7 and BRpt66. The 
colony containmg the sequences coding for the primary probe was confirmed by analysis of the 
plasmid DNA. Restriction analysis of the plasmids in these two clones (BRptl7 and BRpt66) 
confirms that they contain an insert of ~1 100 bp, corresponding to about 16 repeatmers in the insert. 

The plasmid pBRpt66 was linearized with Xba 1 (distal end of T7 promoter) and the 
riboprobe complementary to the repeatmer insert was prepared in a reaction catalyzed by T7 RNA 
polymerase in presence of ribonucleotides. The procedure for transcribing DNA plasmid containing 
the nucleic acid sequence coding for the amplification probe is as follows. Plasmid DNA coding for 
the amplification probe (10 |j.g) was treated with the enzyme T-7 RNA polymerase in the method 
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suggested by the Mega-Transcription kit (Cat. No. 1334) supplied by Ambion Inc. (Austin, Texas). 
This transcription generated an RNA product with a structure as shown in Figure 1, comprising a 
poly(U) sequence at the 5' end. 

It will be appreciatedbyoneskilled in theartthatoncelheamplificationprobe is constructed 
with an appropriate homopolymeric tail, the same template could be used for the production of an 
amplification probe which could be used in any nucleic acid hybridization assay wherein the 
promary probe comprises a sequence complementary to the homopolymeric region in the 
amplification probe. 

In general, an in vitro transcription of the plasmid coding for the amplification probe using 
T-7 RNA polymerase would yield its complementary RNA, the amplification probe which carries 
a poly(U) homopolymeric tail fragment at its 5' end; this poly(U) region is complementary to the 
poly(A) region of the primary probe described previously. Recent advances in the art allows the 
large scale production of T-7 polymerase mediated RNA molecules in an in vitro transcription. Kits 
such as "MEGA- Transcript kits" (Ambion Inc., Austin, Texas) could be used to produce milligram 
quantities of RNA from microgram quantities of the template DNA. 

ItwiU be appreciatedbyoneskilled in theart that once theamplificationprobe is constructed 

with an appropriate homopolymeric tail, the same template could be used for the production of an 
amplificationprobe which couldbeusedinanynucleicacidhybridizationassaywhereintheprimary 

probecomprisesasequencecomplementarytothehomopolymericregionintheamplificationprobe. 



The T.abelling Pro be 
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The immunocaptured probe -target complex can be detected 
by » v&riQty of veil known techniques. In & preferred 
embodiraent ,* « l^jtoelling probe con^rising sequences 
coTnplimentatrk» to at least one of the repeating a«<3;ueiica unite 
5 cn Che amplification probe will itself bo labelled with a 
chemical group that is detectable. A detectable chemical 
group can comprise any craterxal po&sescing a detectable 
chemical or physical property. Theae materials are well known 
and developed in nucleic acid hybridization assays. 

10 Furthermore, most labels useful in such methods can. be applied 
to the proewat invention. Tor example, enzymatically active 
groupe have been found to be useful, in particular, chose 
groups that axe enrymes {Clin. Cbem. (1976)22:1243,- U.S. Pat. 
No. 31,006; and UK Pat 2,019,408), •nzyme eubotratea {U.S. 

15 Pat. No. 4,492,751), COfaCtors (see U.S. Pat. NOS. 4,230,797 
and 4,238,565), and anzjine inhibitora (see U.S. Pat. No. 
4,134,792). Also ueeful are fluorescera (see Clin. Chem. 
{1979)25:353), chromoE^orco, lumineacers such as 
chemiluirdnescers and biolummescers (U.S. Pat. No, 4,380,580), 

20 as well as specifically bindable ligands such as biotin 
(European Pat. Spec. 63.979) or a hapten (U.S. Pat. No. 
4,380,580). and radiolsc copec such ao 'H, **C, "P, "S, and 
These labels and lab*lli-ig pairs aro therefore detectable on 
the basis of eitner their own physical properties (eg., 

25 fluoreacars, chrocnophorea and radioisotopes), or their 

reactive, or binding properties (esf,. enzymes, eubatratftc, 
cof actors and inhibitors t. A good example, la a cof actor- 
labelled antibody that can be detected by addition of the 
enzyme for which the label is both a cofactor and a substrate 

30 for that enzyme. More ap«ei£ically a hapten or ligand 

labelled antibody can be detected by adding an antibody to the 
hapten or a protein (e.g., avidin) which bindo the ligand. 
tagged with a molecule capable of detection. These detectable 
molecules can be a molecule poaaesaing either a measurable 

35 pbysical property (e.g., fluorescence or abaorbanca) or a 

quality capable of participating in an enzym« reaction (see 
above for list) . In one examople, one can utiliao an ©nsyme 
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which acts upon a cutoetrac© to generate a product with a 
measurable jphyexcal property. Specific examples o€ this kind 
include,- but »re not limited to, /3-galactocidase, alkaline 
peroxidase and phosphatase. Other aimilar labolling schemes 
5 ars evidenc to one skill in che art. 

The nature and the quantity of thtt label in the labelling 
probes are not critical. Tha probes could be labelled eithor 
at their extremities or along their entire length with a 
single or a tnuxtipla taarker which, of course, can be any 
10 deteccabie substance; in other words, th* probe is 

isotopically or cheanically modified in such a way that the 
person performing the assay can. aftor further manipulation it 
necesGary, otill detect the presence of these labels. 

The length of the hybridizing portion of che labelling 
15 probe can vary to raoet the needs of application of the 
invention. The ndnvrnm length of the proba ia about 16 
nucleotides and the moxiwun length is about 25 nucleotides, 
though a situation may arise where It may b« favorable to 
ftxtond cho length beyond 25 nuclaatidac . m a specific 

20 Instance, a 25 base polynuclaptid© fragment with a 5' amino 

tnodification vras coranerclaily obtained (Bio/Can Scientific Co, 
Miasissauga, Ontario) . The sequence in this fragment was 
coinpleroencary to a region within the repeating unit sequence 
of the an^Jlification probe. The amino modification allowed 
covaient coupling of the enzyme alkaline phosphatase to the 3' 
ena of the sequence. The covaient attachment of the enzyme to 
the polynucleotide was carried out according to known 
raathodology (Bio/Can Scientific Co.). 
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Variations on the design of the labelling probe and tho 
amplification probe may ba desirable. For exanqole, the 
amplification probe itself can be labelled with biotin during 
the in vitro transcription, or end labelled separately. The 
labelling probe could be labelled with multiple markers rather 
than with just a oingle marker as shown in Figure 1. As long 
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as the labelling is p«rforTO«<J in aueh « ntanner as to not 
Interfere with the hybridization between the amplification and 
labelling probee, theee supplementary labels can lead to a 
proportional inoreaae in sensitivity cf the assay 

S 

This invention describes a general method of constructing 
the probe cascade, in a general embodiment, the cascade 
consists oC a primary probe, an an^lif ication prob«, and » 
labelling probe with chemical and functional characteristics 

10 as described hArewithin. i^e ax&ot soquencee ii^plicated in 
the construction of the probe reagents described above 
(excepting, of course, the 'target conplemencary sequence in 
the prittary probe) are not critical, and only the 
cocnplementarity of the sequences to be hybridized is 

15 inportant. The exact lengths of the variouo probes described 
here are not limited to the sizes given in the examples 
herein, a person skilled in che art may easily vary these 
lengtns and the methods for achieving such variation are wall 
known in the art. 

20 The Aflgay 

Hie present invention is useful in a large variety of 
hybridization procedurea. The san^le to be assayed can be 
virtually of any medium of interest, such as of medical, 
veterinary, onviroamontal, nutritional or industrial 
25 significance. 

One eirbodiment of this invention cocitprises a sensitive 
method of detecting Che probe -target coti^jlex and its 
application to the determination o£ the proeence of specific 
microorganisms in a c«et sair^le. An assay, according to the 
30 present invention, involves at least the following steps: 

a) hybridizing a sequence of a primary polynucleotide 
probe to a target nucleic acid. sequence ; 

b) imniobilizijig the probe~target; complex; 



c) 
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-Po«xng Che r.nunci.iii,ad probe-target complex to ^ 
«n«'UClca,:ian proba und«r conditions thaf^ iT 
con^iiex; nytoridize to the probe-targot 



exposing the hybridisad atralification >. 
oonditxona ch^c allows many i^ellM ZZ^ 
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in one particular etnbodimant. the s^mnio ^ 
typically a' pioee of * san^ple to fa« teet.d is 

«ui-ce containing principally double stran^^w , . 
*cxdc. Thl3 includes microorganism, and/o^ " 
material aasociated with tha.! sa^er IVt : 
first treated to release thP n„^i!^ • 
-Uo^d b. a ^^^^^T^oTlZ^^^^^^^^^^ 

Thi3 i. accon^liehe^ ^,y t^ the nucleic aclas. 

buffer solution and th/^. T • ""^"^ ^ * ^^^^^ 

preferably accomplished by haatln* ^^^^^ic ^cxa. xs 
boiling vat=«r or alkali ! ^««»^Uing solution in 

or aajtBii treatment (e a n i ir 
hydroxide), Th. d»«.f- ^^-a-/ O.i *r sodxura 

cim..i^« ' • ^* denaturing step can often be used 
camultaneously a» a method to lyee colle Th« ! ^ 
nucleic acids can u ^ ^e^ie. The release of 

r =yme, pspom). Tt. resulting medium will ™„> ■ 
«xd. in ,i„3i, w„L i^L^ L.. 

to p.e«„t hv..idiza.loa ,wan9 eHi I!!? T"'-' 

Kicrobiol., 1992). "9ecai.. ^ppi. Eaviron. 



When the sample contains fre® sitigla-scrandad nucleic 
©cid sequences, ctie sample Is in proper form for use with the 
specific pfobe. Whan tlie assay ic performed for detection of 
a microorganlcm, a bacterium for eacaraple, the cells must be 
lyaed and the nuclei c aside have to be expoeed in order co be 
available for hybridization with the probe. Methods of lysis 
have been previously described and ar^e well known to one 
skilled in the art. 

In one general embodittvcnt, tha cells «re lyaed by mixing 
50 Ml of the broth culture (about 10' to 10* cells per ml) with 
an equal volume of a 2% Triton x-100* and beating at lOO^C for 
5 minutes in a 1,5 ml ©ppendorf microfuge tube. The samples 
are chilled in ice to denature the target nucleic acids. The 
probe is diluted at a concentration of 200 ng por ml in » 

buffer containing 8 x SSC <1 X SSC being 0.15 M NaCl plus 
O.OIS M Bodium citrate). 40 mM HBPES (pH 7.4) and 4 niM BDTA. 
One hundired ^1 ot Che probe thus prepared is added to the cell 
lysate so that the probe is contacted with the target nucleic 
acid and the hybridization is carried out in this solution at 
70*C for 30 tninutoc . 

ni»re are a variety of loiovn hybridization conditionc 
that can be enployed in the assay. Typically, hybridisation 
will proceed at slightly elevated tetnperaturas . Typical 
temperatures range between aiaout 35 and 7S«C and are uouaily 
about 65»C. The iiybridization ie carried out in a solution 
comprised of a buffer at pH between about 6 and B and with the 
appropriate ionic strength. A typical ionic strength is 2 x 
sec whar* i x scc - 0.15 M sodium chloride and 0.015 M sodium 
citrate at pH 7. Tiiet hybridization solution further contains 
protein auch as bovine searum albumin, Fleoll* (copolymer of 
sucrose and epichlorohydrin. Pharraaci* Fine Chemicals, 
Piacataway, N.Y.), polyvinylpyrrolidone, and a denatured 
foreign DNA such as row calf thymus or salmon aperm. The 
degree of CQmpl«4montarity between the target nucleic acid 
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sequence and the primair/ proDe required for hybridization to 

occur depends on the stringency of the conditions. 
» - . 

The pritaary probe ie contacted with the denatured nucleic 
acid sequences in solution phase. The probe- target coqplexas 
5 aro remov«d £rom the excess unhybridized probe by 

xTrmucocapture of the former. This is achieved by transferring 
the hybridization reaction mixture to the welXe of a 
tnicrotiter plate which have been previously coated with 
monoclonal anci-probe- target complex. The antibody is thua 

10 contacted with the probe-target cottiplex present in the 

hybridi2aclon reaction trixture for 30 minutes at ZT'C. This 
contact results in the itwnunocapture of the probe- target 
coci^lexes and therefore results in their inwiobilization to tho 
surface of the wells of the microtiter plate. Any reagent 

15 which will ovibsequently bind to uie prohe-target complex will 
thus be itinnobilized to the solid surface. After the 
iairaunocapture reaction is completed, the plates are washed 
three times with phosphate buffered saline (PBSj 50 mM 
phosphate buffer containing 0 . 15 M MaCl ) in order to remove 

20 the excess unhybridiaed probes from the well. 

Alternatively, any other solid phaco could he ea?>loyed 
for the itnmunocapture of the probe- target complexes; any 
method of immobilisation oc the probe-target complex could be 
used for separating the hybridised probe from the excess 
25 xnahybridized probe. 

In one embodiment, the amplification probe is diluted to 
a concentration of 200 ng per ml in a buffer containing 4 x 
SSC, 20 roM HEPES (pH 7.4) and 2 tnM edta. Two hundred (jlI of 
the amplification probe thus prepared are added to the wells 
30 of the microtiter plate so chat the amplificaticm probe is 
contacted with the immohilizad probe-target complex which 
carries the poly (dA.) ,^.,0 at the 3' end of the probe. The 
plates are incubated at 42°C for 30 minuteB so chat tne 
hybridization between the poiy{dA) of che probe and tho 
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pcly(U) of Che atriplif icaticn probe is completed. This 
poly (dA) -poly (U) ie also o DNA-RNA hybrid. theEKiodynaiiilcally 
the moet atphle form of a double Bcrandad nucleic acid. At 
the «nd "of this hybridization period, ch« pistes ar© washed 
5 three tiraes with 0.5 M aodiuci chloride solution. 

The labelling probe is diluted tp a concentration o£ 200 
ng par ml containing 4 » SSC, 20 niM HEPES <pH 7,4) and 2 mM 

Two hundred fil of said labelling probe is added to the 
10 microtitar plate wells bo that Che labelling prcibes come in 

contact with the arapliClcatlon probas which are iitinobilizod to 
the solid Burtace. This hybridization is carried out at 42oc 
for 30 minutes and tb« plates ara then washed three times with 
0.5 M acdium chloride. 

IS The labelling probe hybridizee with the repeating units 

of the amplification probe. Ac the labelling proba is a 
single stranded polynucleotide, the rate of the hybridization 
reaction is. considerably high. 

When Che ait^lif ication proba con^rieea sixteen repeating 
30 units, sixtoen labolling probe molecules can be immobilized 
per each of the probe-target conplexes originally 
iiraraiaacapturod . The signal generated by the probe'Carget 
complex ie amplified by a tnagnitudle oC slxcean tiraas. The 
anzyme present in the labelling probo is than datacted using 
25 standard colorinwitric. chCTU-luminescant , fluorcaietric or other 
detection methods as discussed herein and is well known in the 
art . 

In one entbodiment ds^loyiag colorimetric methods, a 
Bolucion containing the substrate to alkaline phosphatase 
30 enzyme is added to the wells. For exan^le, 200 fil of p- 

nitrophenyl phosphate (p-trpP; 4 mg in 10* diathanolamine and 
0.5 
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Of incutoaclou at room tettaerature (20 - 25C . the color 
aevelopefl IS tneasurea at 4io nm wav«lengtu of light. 

Another etiO^odimont cc t:he p^Bent invention involves its 
s use in « diagnostic kit, fch« kit comprising one or wore 

solution, and devicce for carrying out an a.Bay for detection 
of food pathogens such as Listeria moaocyzogfmes or 
ESCheriCiiia coii 0157 ;H7 in food Ba«5>lo« cheese or uusat. 

The present Inventicn farther provides for » xe»gant 
10 system . More ^pacifically it provides for a reagent 
conbinatioti 

coinprising »11 of th« •Bsontial and necesBary elementn 
re<iulred to conduce a deair«d assay nu^tnod. The reagent 
eyacem le presented in a cotmarcially packaged form as a 
c«npo«itxcn or a mixture wherein compatibility of the reagents, 
will allow for a test device configuration (most typically as 
e. teat kit) a paelcaged combinattion of one or more containers, 
devices, or the lilce. holding the necessary reagente and 
usually including written instructions describing the 
20 perfortnance of the assays. Reagent systems of the present 

invention involve all poesible configurations and co.t«,08xtxons 
for performing the various hybridi^tion cormats described 
bars in. 

The reagent system will generally contpriae bacterial 
25 lysis solutions, the solutions containing the target dir^et«d 
primary probe, th« a««plif icatlon probe, the labelling probe 
(preferably labelled with a d«fctable Chemical group) enzyme 
substrates, microtiter plates or strips coated Kith the ant a - 
target -probe complex antibodi«, and a description of the 
30 ascay conprehensible to one ekiU«d in th« arr. A test kxt 
form or the reagent system may further include ancillary 
.hanu-cais. Such ancilliary chemicals can include conpotients 
of the hybridization solution and denaturation agonto capable 



of coav^rtmg aouble Bt«r.ded nucleic acidB found in a teet 
satnpla into single stranded form. More preferably, there xs 
included a cWcaX lyair.g and denaturing agent, Buch as an 
^Iknli, for treating tne a»nple in order to release single 
stranded nucleic acid therefrom. 

The present inventicn will now be illustrated, but Is not 
intended to be limited, fcy fne following example. 

r-heeee . 

Twenty £ive grams of the test ch»o86 was homogenized for 
2 minutes in e stomacher with 250 tnl of X% «teril. peptone 
watar and allowed to settle for about 15 lumutes. A 0.5 na 
sample of the clear upp«=r portion of this homogen*f wac 
inoculated into lo tni of trypticase soy -0.6% yeact extract 
broth and incubated at 37-c for 16 - 20 hours. 

Any bacteria in 103 ^1 of the enriched broth was lyeed 
by mixing the broth with an «qu=.l volunu. or 2% Triton X-100 xn 
a microfuge fobe and boiling for 5 «inut«» *t lOO'C. The 
solution was ijuickly chilled in ice. 

Probe solution (lOO /xlf 200 ng per ml) i« 8 x SSC. 40 m 
HBPBS (pH 7.4) and 4 oM EDTA was added to the lyaate and 
incubated at 37"C for 30 minutes . The probe selected h«rc was 
DNA in nature and apocif ically hybridising with the ribosornal 
RNA (rRUA) of L. inonocytogeiies. The hybriaizatlon reaction 
fixture (200 mD was transferred to a ..icrotitor plate ^ell 
wnlch had been previously coated with «K>noclonal antx-prohe- 

carget antibodies and incubated at 37-C for 20 minut«»- 

plates were then washed 3 times with PBS. 

Th* an?)lification probe solution (200 nl; 200 ng/^D ^ 
X SSC. 20 xm HP.PBS (pH 4) and 2 itM EDTA was added to the 



W6118 an<a inculcated at 37-C for 50 mintices. The platCB w«re 
Chen washed 3 titnes with O.S M eodium chloride solution. The 
lab«lling-prSfie solution (200 ,1, 200 ng/^1) in 4 x BSC, 20 m 
H3PES (pH 7.4> and 2 TOM EDTA was added to the wells and 
incubated at 37-C for 30 i^nutes. -me platoe were washed 3 
times with O.S M sodium chloride solution. Xlkalme 
phosphatase aub«,trat« eolation (4 mg of p-NPP in 10% 
diethanolatnine and O.S wM magneBium chloride. pH 9.8) was 
added to the wells and incubated at room teu^erature for IS to 
30 tnlnutea and the color developed wac tneasured at 410 in a 
standard microtiter plate reader. 

With tha help of positive and negative controls, a 
COloritnetric value was chosen that waa statiatieally distinct 
between aainplea that contain and those that do not contain X. 
jnonocj.fcOffcne5. Using this "cut-off value", the color 
generated was interpreted to whather the original sait^le 
was positive or negative for the presence of the pathogen. 

B«low are results of esaaye performed that detect the 
preaenc* of L. iaonocytoffesnes . Assay #1 was performed with 
biotinyiated probe which is 7 84 -bp long; the hybridized probe 
was detected with a streptavidin-aikaiine phoaphataae 
conjugate ayatem. Ascay #2 was pariortned according to the 
protocol given herein. 
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It iB to bm understood that the «xamples described above 
are not meant to limit the scope of the present invention, it 
20 is expected that numerouc variants will be obvicnis to the 
person Bkilled in the art to which tho presanc invention 



p..t.inB. with^t dap«ture from Che .p.rxt 
invention. Th. .pp«^.d =1"— P~f«'l' -n""-*' 
only l.i»i«don upon .cop. ol tb, pr«ent invention. 



